Background/Aims: This study investigated the role of single nucleotide polymorphisms (SNPs) near the interleukin-28B (IL28B) gene with respect to clinical outcomes and the antiviral response in hepatitis C virus (HCV) infection to suggest the practical utility of IL28B genotyping in Korea. Methods: Two SNPs near IL28B, rs12979860 and rs8099917, were analyzed using an allelic discrimination assay in a total of 454 individuals, including 147 health-check examinees and 307 patients with HCV infection. Results: The CC genotype frequency was significantly higher in the spontaneous recovery group than in the chronic infection group and was higher in the chronic hepatitis group than in the liver cirrhosis or hepatocellular carcinoma group, suggesting its favorable role in the clinical outcome. Multivariate analysis revealed that the rs12979860 CC genotype was an independent predictor of sustained virologic response (SVR) in genotype 1 HCV infection. During the currently used response-guided therapy, IL28B genotyping was most helpful for the patients who exhibit early virologic responses without rapid virologic responses, as those patients exhibiting the non-CC type did not achieve SVR, although they represented approximately onethird of the total patients. Conclusions: The IL28B SNP is an independent predictor of SVR. Our results may be helpful if the findings are carefully applied to select patients in Korea. (Gut Liver 2014;8:70-78) 
INTRODUCTION
About 130 to 170 million people were infected with hepatitis C virus (HCV) worldwide. 1 Globally, 27% of liver cirrhosis (LC) and 25% of hepatocellular carcinoma (HCC) were attributable to HCV. 2 About 50% to 80% of patients with HCV infection progress to chronic infection which can lead to LC or HCC. 3 Standard treatment for hepatitis C infection is a combination therapy with pegylated-interferon a and ribavirin but currently new standard care was suggested with triple combination therapy including direct antiviral agents (i.e., boceprevir or telaprevir) aiming to achieve sustained virologic response (SVR). 4, 5 Interestingly, compared to Caucasian patients, Asian patients showed higher rate of spontaneous clearance of HCV in acute hepatitis C, 6 and higher SVR rate after antiviral therapy in chronic hepatitis C, 7 although the mechanism of this phenomenon was unclear.
Recently, several genome wide association studies (GWAS) showed that single nucleotide polymorphism (SNP) near interleukin-28B (IL28B) gene is associated with SVR rate in HCV genotype 1 infection regardless of different ethnic group. [8] [9] [10] [11] Especially in the treatment naïve patients, IL28B genotype is related to the response in patients receiving triple therapy. 12 Therefore, several centers adapt the genotyping of IL28B SNP to predict SVR before antiviral therapy and to minimize useless treatment. Although one of the GWAS was reported in Japan, there were not enough studies on the role of IL28B polymorphism in the clinical outcomes or SVR in the Asian patients including Koreans. The objectives of this study were to investigate the association between IL28B SNP and clinical outcomes of HCV infection, to evaluate the association between IL28B SNP and SVR in genotype 1 infection, and to suggest the prac-tical utility of IL28B genotyping under the current strategy of response-guided therapy (RGT).
MATERIALS AND METHODS

Patients
Study subjects are comprised of the two groups: 147 health check examinees enrolled in Seoul National University Bundang Hospital, and 307 patients infected with HCV who were retrospectively enrolled in three university hospitals from January 2007 to December 2010. The health check examinees were selected after matching age and sex distribution to the standard Korean population according to the census for Korean population in 2007, so that they were a surrogate group of general population. Among the 307 patients with HCV infection, 47 patients were spontaneously recovered from acute infection without antiviral therapy showing a positive result for anti-HCV and repeatedly negative results for HCV RNA at least two times with normal liver function tests (spontaneous recovery group). The chronic infection group included 260 patients showing a positive serum HCV RNA for more than 6 months, which were classified into chronic hepatitis group (174 patients), LC group (53 patients), and HCC group (33 patients). LC was diagnosed according to the compatible biopsy findings, or clinical findings such as varices, ascites, and compatible radiologic findings. HCC was diagnosed according to the criteria suggested in American Association for the Study of Liver Diseases guideline. 13 Exclusion criteria were as follows: 1) age less than 18 years; 2) coinfection with chronic hepatitis B or human immunodeficiency virus.
In the chronic infection group, 151 patients (58%) were infected by genotype 1 HCV (mostly genotype 1b) and 109 patients (42%) by genotype 2 (mostly genotype 2a). In the genotype 1 HCV-infected 151 patients, 70 patients were treated and evaluable on the achievement of SVR. Among the 70 patients, 55 patients had complete results on the rapid virologic response (RVR), early virologic response (EVR), and SVR.
Response-guided standard antiviral therapy
Pegylated interferon a-2a (180 µg, Pegasys ® ; Roche, Basel, Switzerland) or pegylated interferon a-2b (1.5 µg/kg, Pegintron ® ; MSD, Whitehouse Station, NJ, USA) was injected subcutaneously once a week and ribavirin (Viramid ® ; Ilsung Pharmaceuticals Co., Seoul, Korea) was administered orally twice daily at a dose of 1,000 to 1,200 mg/day for 48 weeks in genotype 1 patients; 800 mg/day for 24 weeks in genotype 2 patients. RVR was defined as a negative serum HCV RNA at 4 weeks of treatment. EVR was defined as ≥2 log 10 reduction in serum HCV RNA level at 12 weeks of therapy, and SVR was defined as undetectable serum HCV RNA at 6 months after completion of therapy. 
Laboratory evaluation
Genotypic analysis of IL28B SNP
Genomic DNA was isolated from peripheral blood leukocytes using the DNA purification kit. Two SNPs near IL28B, rs12979860 and rs8099917, were analyzed using a TaqMan 5' allelic discrimination assay. PCR reactions were carried out in a total volume of 25 µL with the following amplification protocol: preincubation at 60 
Statistical analysis
The differences in numeric variables and categorical variables were tested with Student t-test and with chi-square tests or Fisher exact tests as appropriate. The multivariate logistic regression analysis was planned using variables showing p-value of less than 0.10 in the univariate analysis. Statistical analysis was conducted using PASW statistics 18.0 (SPSS Inc., Chicago, IL, USA), and p-value of less than 0.05 was considered to be significant.
Ethics statement
This study was approved by Institutional Review Board of Seoul National University Bundang Hospital, and the written informed consent was received from every participant.
RESULTS
Clinical characteristics and genotypic frequency of IL28B polymorphism
The clinical characteristics of the health check examinees and the HCV infected patients are summarized in Table 1 . The rs12979860 allele frequency in the health check examinees was 88.4% for CC type, 10.9% for CT type and 0.7% for TT type. The genotypic distribution of rs8099917 was very similar to that of rs12979860 but not identical in this study. The estimated level of linkage disequilibrium from genotype frequency data showed that the two loci are tightly linked with r 2 of 0.87 (data not shown).
Association between IL28B polymorphism and clinical outcome of HCV infection
The frequency of rs12979860 CC type in the spontaneous clearance group (97.9%, n=47) was significantly higher than that (84.6%, n=260) in chronic infection group (p=0.014) ( Table  1 ). In the chronic infection group, the CC genotype was significantly higher in chronic hepatitis group (87.9%, n=174) than in LC or HCC group (77.9%, n=86) (p=0.035). On the multivariate logistic regression analysis, rs12979860 CC type and young age less than 45 years were the independent factors for spontaneous clearance (odds ratio [OR], 8.29; 95% confidence interval [CI], 1.09 to 63.26) ( Table 2 ) and for the better clinical outcome such as chronic hepatitis rather than LC or HCC (Table 3) . It suggests the significant role of rs12979860 CC type in a favorable clinical outcome of HCV infection.
Association between IL28B polymorphism and SVR in genotype 1 HCV infection
In a total of 260 patients of chronic infection group, 151 patients (58%) were infected by genotype 1 HCV and 109 patients (42%) by genotype 2. In the 151 patients with genotype 1 infection, 70 patients were treated and evaluable on the achievement of SVR. In the 70 patients with genotype 1 infection, SVR rate was 60%, and the frequency of rs12979860 CC type in SVR group (n=42) was 97.6%, while in non-SVR group (n=28) was 64.3%. On multivariate logistic regression analysis, rs12979860 CC genotype was an independent factor for SVR in the genotype 1 HCV infection (OR, 21.09; 95% CI, 2.37 to 187.82), as well as platelet count ≥140,000/µL (Table 4) . Moreover, rs12979860 CC genotype was an independent factor for RVR in the genotype 1 HCV infection (OR, 22.17; 95% CI, 2.23 to 220.84), as well as HCV RNA <600,000 IU/mL on multivariate logistic regression analysis (Table 5) .
On the other hand, in the 109 patients with genotype 2 infection, 58 patients were evaluable on SVR, which showed that SVR rate was 84.5%: the frequency of rs12979860 CC type in SVR group (n=49) was 87.8%, while in non-SVR group (n=9) was 88.9% (p=0.924). And rs12979860 CC genotype was not Values are presented as mean±SD or number (%). HCV, hepatitis C virus; LC, liver cirrhosis; HCC, hepatocellular carcinoma; ALT, alanine aminotransferase. *p-value comparing the health check examinees (n=147) and patients with HCV infection (n=307).
related to RVR in patients with genotype 2 HCV infection (p=0.769).
Role of IL28B SNP analysis in the current RGT
A suggested algorithm using IL28B genotype and platelet count was displayed in Fig. 1 for the 70 patients with HCV genotype 1 infection who were treated and evaluable on the achievement of SVR. Among the total 70 patients, five patients (7.1%) showing IL28B non-CC type and low platelet count lower than 140,000/µL did not achieve SVR, while 48 patients (68.6%) showing IL28B CC type and platelet count higher than 140,000/ µL showed SVR rate of 77%. In between, SVR rates were estimated from 17% to 36%. If HCV RNA level was added in the algorithm, all of 14 patients having IL28B CC type, normal platelet count and low HCV RNA level achieved SVR. Therefore, this algorithm could give an expected probability of SVR for each patient before antiviral therapy. Among the 70 patients with genotype 1 infection, 55 patients had complete results on the RVR, EVR and SVR. Using those 55 patients, RGT algorithm after initiation of antiviral therapy was presented in Fig. 2 . RVR was achieved in 31 patients (56.4%), all of them achieved EVR, and 30 patients (97%) showed IL28B CC type. In other hand, only 4 patients (7.3%) did not achieve EVR, and did not achieve SVR, either. Therefore, those with RVR (n=31) should continue the antiviral therapy, and those without EVR (n=4) should discontinue the antiviral therapy at 12 weeks of therapy, regardless of their IL28B genotypes. It suggests that at least a total 34 patients (64%) may not need to do their IL28B SNP genotyping for the therapeutic decision once they initiated the antiviral therapy. Therefore, IL28B SNP genotyping was most helpful to the patients who showed EVR without RVR (n=20, 36%), because those patients having non-CC type did not achieve SVR.
DISCUSSION
In this study, in concordance with other reports, 14, 15 about 88% of Korean population had rs12979860 CC type of IL28B SNP, and it affected spontaneous clearance, benign clinical outcome of HCV infection, and SVR in genotype 1 HCV infection. The genotypic distribution of rs8099917 was very similar to that of rs12979860, but not identical. The algorithm using IL28B genotype and platelet count presents an expected probability of SVR in genotype 1 HCV infected patients before antiviral therapy. However, once the therapy is initiated, practical utility of IL28B genotyping seems to be limited under current strategy of RGT. The genotypic frequency of rs12979860 in the health check examinee of this study showed that CC type in 88.4%, CT type 10.9%, and TT type in 0.7%: C allele frequency of 93.9%, and T allele frequency of only 6.1%. Thomas et al. 16 reported the rs12979860 C allele frequency in worldwide population, in that C allele frequency was 23% to 55% in African populations, 52% to 80% in European population, 75% to 98% in Southwest Asians, and 90% to 100% in East Asian populations including Koreans (93.5%, n=54), Chinese (93.6%, n=47), and Japanese OR, odds ratio; CI, confidence interval; ALT, alanine aminotransferase; HCV, hepatitis C virus; IL28B, interleukin-28B.
(91.0%, n=50), which was well compatible to our results. The genotypic distribution of rs8099917 was similar to that of rs12979860, because of the strong linkage disequilibrium of the two SNPs. In this study, rs12979860 CC genotype was strongly associated with spontaneous clearance of HCV infection (OR, 8.29; 95% CI, 1.09 to 63.26; p=0.041), which was compatible to the other reports. 16, 17 Grebely et al. 18 suggested an algorithm for clinical management of acute HCV infection using IL28B genotyping; if IL28B genotype of patients with recent HCV infection was rs8099917 GG or GT type, antiviral therapy was promptly suggested without waiting for spontaneous clearance. After acute HCV infection, about 50% to 90% of patients experience chronic infection according to the presence of multiple cofactors 4, 19 as well as the IL28B genotype. In addition, more advanced complication of HCV infection such as LC or HCC was also significantly related to non-CC type of IL28B in this study.
The multiple logistic regression analysis confirmed that IL28B non-CC type was independently associated with LC or HCC (OR, 2.23; 95% CI, 1.04 to 4.76; p=0.039). Fabris et al. 20 showed that rs12979860 T allele was more prevalent in patients with HCV-related cirrhosis than in other etiologies of cirrhosis, and carriage of this allele seemed to augment the risk of developing HCC in Italian patients with HCV-related cirrhosis who underwent liver transplantation. These results suggest that IL28B genotype shows a strong effect on the clinical outcomes of HCV infection. However, because of the small sample size in this study, further study to confirm the result is warranted.
In concordance with previous GWAS results, [8] [9] [10] [11] OR, odds ratio; CI, confidence interval; ALT, alanine aminotransferase; HCV, hepatitis C virus; IL28B, interleukin-28B. Fig. 1 . A suggested algorithm for the expected probability of sustained virologic response (SVR) according to the presence of the interleukin-28B (IL28B) polymorphism (rs12979860), platelet count, and hepatitis C virus (HCV) RNA levels in Korean patients infected with HCV genotype 1. Among the 70 total patients included in this algorithm, all five patients exhibiting the IL28B non-CC type and a low platelet count (7%) did not achieve SVR. However, all 14 patients exhibiting the IL28B CC type, a normal platelet count, and low HCV RNA levels (20%) achieved SVR. Between these extremes, SVR rates ranged from 17% to 68%. Fig. 2 . Practical value of the interleukin-28B (IL28B) polymorphism (rs12979860) under the current strategy of response-guided therapy in Korean patients infected with hepatitis C virus (HCV) genotype 1. According to the current response-guided treatment algorithm, all of the patients with rapid virologic response (RVR) (31 of 55, 56%) should continue the defined duration of therapy, and all of the patients without early virologic response (EVR) (4 of 55, 7%) should discontinue the antiviral therapy regardless of the result of the IL28B genotyping, which suggests that there is no need to determine the IL28B SNP genotype in 63% of the patients. IL28B single nucleotide polymorphism (SNP) genotyping may be helpful only in those patients achieving EVR without RVR (36%) because patients with the non-CC type did not achieve sustained virologic response (SVR).
Americans. However, the IL28B genotype was not associated with SVR in genotype 2 infection in this study, which was controversial. 11, 14, [21] [22] [23] The molecular mechanism for IL28B in the pathogenesis of HCV infection was not elucidated. Nevertheless, IL28B seems to play an important role in immune response. The inhibition of HCV replication in vitro by interferon-λ showed the similar efficiency to type 1 interferon, and clinical trials using pegylated interferon-λ in human patients showed similar antiviral effect to pegylated interferon-a. 24, 25 Recent experimental study showed anti-tumor activity for interferon-λ in various cancer cell lines. 26, 27 As reported in the previous study, 28 we presented a pretreatment prediction algorithm for SVR using IL28B genotype and platelet count in 70 patients with genotype 1 HCV infection, which provides a good prediction model for SVR before antiviral therapy. The IL28B SNP is the most useful predictor before antiviral therapy, and the RVR is that during antiviral therapy.
To avoid some adverse events developed during the first 4 weeks of antiviral therapy, IL28B genotyping should be performed. If then, should we perform IL28B genotyping for all the patients who are going to receive antiviral therapy in the real practice setting? According to the suggested algorithm, once the therapy is initiated, practical utility of IL28B genotyping seems to be limited under current strategy of RGT, because about 63% of the treated patients including the patients with RVR and the patients without EVR may not need to do their IL28B SNP genotyping for the therapeutic decision. As long as we follow RGT for East Asian patients, routine testing of the IL28B SNP in HCV genotype 1 infection should be considered in the context of adequate cost-effectiveness, because almost all of them have IL28B CC genotype, and RGT itself determines about twothirds of the response. In the meanwhile, IL28B SNP genotyping might be helpful for the patients who showed EVR but no RVR. However, this result should be validated in the further study, because of small number of included patients. There are several limitations of this study such as the retrospective design and incomplete data on the RVR or EVR, especially lack of data on complete EVR, the small sample size and the cross-sectional nature of the study.
In conclusion, about 90% of Koreans had the rs12979860 CC genotype of IL28B SNP, and the IL28B SNP was an independent predictor of spontaneous clearance, favorable clinical outcomes of HCV infection, and SVR in genotype 1 HCV infection. It may be helpful in the clinical settings if the findings were carefully applied to selected patients in Korea.
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